Semiclassical models for laser-dynamics studies typically incorporate a derivative approximation that reduces the second-order wave equation for the electric field to a first-order equation. It is shown here that this approximation and further frequency approximations are not necessary and may lead to significant errors for some high-gain laser systems. A more exact analysis also reveals a partial decoupling of the electric and magnetic fields that occurs with fast transient phenomena. These ideas are illustrated in terms of well-known dynamical e6'ects.
From this point the polarization subscripts will be dropped, and the following constitutive relations will be adopted: 
(18)
where the subscripts a and b denote the upper and lower laser levels, respectively; y, and yb are the total decay rates for these levels; y,b is the rate of direct decays from level a to level b; y is the decay rate for the off-diagonal elements; A. , (v, co, t ) and A, b (u, co, t ) H(z, t)= -, '(e, lp, )'~H '(t)exp(ikz icot)+c. c. - (23) If Eqs. (11) to (13) and (23) are substituted into Eqs. (8) and (9), one obtains I (21) and (22) might be introducing significant errors in the predicted laser behavior. To answer this question, one may set up a similar model which includes neither the derivative approximation nor the frequency approximation described above.
The first possibility that one might consider for removing the derivative approximation is simply to replace Eqs. (21) and (22) with the real and imaginary parts of Eq. (14) . However, this equation has second-order derivatives in both the field and polarization variables, and numerical solutions are not straightforward.
We find that it is more efticient and more informative to avoid forming the second-order wave equation in the first place. Thus, one can instead work directly from Maxwell's equations and retain the significance that the variables correspond directly to the electric and magnetic fields. As a first step, one must also factor out the rapid time and space variations in the magnetic field, and a useful substitution
aP, (V, r)
-A"(r)P, (V, r . )+ A, (r)P"(V,r)), (32) dA"(t) = -y, A"(t)+5(y -yo) A;(t)
Equations (24) and (25) may be separated into their real and imaginary parts:
The polarization derivatives in Eqs. (26) and (27) may be eliminated by means of Eqs. (17) and (18), and then the model consisting of Eqs. (17) to (20) and (26) to (29) (29) that the field equations should be replaced by
The purpose of the foregoing analysis has been to establish a formalism for treating the evolution of very fast transients in a general c1ass of mixed-broadened ring laser oscillators. However, it is not necessary to solve the most genera1 laser configurations to obtain an estimate of the implications of the more exact model. In this discussion we will focus on only the simplest special case. Following the simplifications developed in an earlier study, a normalized form of Eqs. (17) to (22) can be reduced to' aP"(V, r)
where B"(t)and 8; (t) are, respectively, the real and imaginary components of the magnetic field with the same normalization as used for the electric field, and zp =ct)0/g is the normalized center frequency of the transition. As noted previously, the polarization derivatives in Eqs. (35) and (36) Eqs. (30) to (38) reduce to dp"(t)
( 49) dA"(t)
The set including Eqs. (39) to (43) 
dP"(t) (48) to (50) and (55) to (58) is larger, the parameters involved are basically the same and the equations have the same structure as the conventional three-equation set.
For laser instability studies it is convenient to express the laser behavior in terms of the threshold parameter r, which is the ratio of the constant pumping rate Do to its value at the lasing threshold. One readily finds from the unsaturated steady-state solutions that Do has the value unity at the lasing threshold for both of the instability models contained in Eqs. (48) to (52) and (55) , ' 
=(e, /8)[E'(t)E' *(t)+E'(t)E'(t)exp(2ikz 2icut
)
[E'(t)H' *(t)+E'-*(t)H'(t) ] = -, ' I [E"(t)+iE,(t)][H,(t) -iH;(t)]+ [E"(t) -iE, (t)][H"(t)+iH, (t)]] =E"(t)H"(t)+E,(t)H, (t), U, '(t)=(4/e, )(u, (z, t)) =E'(t)E'*(t)=E2(t)+E,. '(t), U' (t)=( 4e/, )(u (z, t)) =H'(t)H'*(t)=H2(t)+H, '(t) .
(63) (64) (65)
I(t) = A"(t)B"(t)+A, (t)B, (t), U, (t) = A"~(t)+ A, 2(t), U (t)=B"'(t)+B, '(t) .
(66) (68) In terms of the normalized field variables, Eqs. (63) The curve in Fig. 1(a) is obtained for the limit zo=~, and in this limit the field equations given in Eqs. (55) to (58) reduce to Eqs. (51) and (52). This may be seen by considering first Eqs. (55) and (56). In order for the magnetic-field derivatives in these equations to remain finite for large values of zp, the electric and magnetic fields must approach equality. Thus, the terms in Eqs.
(57) and (58) Fig. 1(b) is obtained at the value zp 100. While the pulsations in this case are still irregular, the behavior is somewhat more subdued than in Fig.   1(a) . In Fig. 1(c) the frequency is zo =50, and in this case the irregularity is gone, as the wave form repeats after every four pulsations. A more peaceful version of the period-four pulsations is obtained at zp =20, as shown in Fig. 1(d) . With zo =10, as in Fig. 1(e) , the period-two wave form consists of similar pulses simply alternating in height; while with zo =5, as in Fig. 1(f) , the pulses are all essentially identical.
The conclusion to be drawn from Fig. 1 is that, at least for this general range of parameters, a more accurate model which avoids the derivative approximation based on the assumption of slowly varying amplitudes tends to be somewhat more stable than the familiar model which incorporates this approximation.
Avoiding the approximation may be understood to allow the magnetic field to drag along behind the electric field, since the magnetic field experiences neither the gain (electric dipole transition) nor the loss (electric conductivity) encountered by the electric field. This dragging of the magnetic field seems to have the efFect of a viscous force tending to stabilize the oscillations. The actual instability thresholds are also altered. In principle, the type 1 or perturbation instability threshold can be obtained from a solution of the linearized equations, but in practice direct numerical solutions may be the simplest way to derive the stability boundaries.
The relationship between the electric and magnetic fields can be explored in more detail by examining the instantaneous energy densities and frequencies of these fields. Figure 2(a) shows the instantaneous energy density U (t) and frequency shift bee (t) =co (t) -coo associated with the magnetic field for a spontaneously pulsing laser and (b) shows the same quantities for the electric field. The peak electric energy density is slightly higher and the peak magnetic energy slightly lower than the corresponding peak intensity. Both fields experience an average downward shift in frequency from line center.
under the same conditions as discussed previously and with the normalized frequency z0=5. A comparison of the energy density curve of Fig. 2(a) with the intensity curve of Fig. 1(f) shows that the peak value of the magnetic energy density is slightly less than the peak value of the intensity. The frequency units in Fig. 2 Figs. 1(f) and 2. The path in the figure is traversed periodically in figure-eight fashion in the direction shown by the arrows.
dA"(t) = -y, A"(t)+5z, [ A, (t) 
One readily finds that in the limit of large z0 the set of equations given as Eqs. (71) to (74) Fig. 5(a) Now the plot of U versus U, given in Fig 4(a) is replaced by the plot in Fig. 4(b 
